Since the increasing consumers ' 
Introduction
The opportunities created by e-commerce catch consumers' interest with dramatic consequences on retailing [1] . In fact, the number of consumers who make purchases through Internet is growing fast. In turn, the traditional stores are forced to develop new strategies for attracting clients. In this context, few studies [2] proposed the introduction of 3D technologies in the points of sale as possible solution, while they are successfully applied to several sectors such as learning, cultural heritage, and tourism. Indeed, a great deal of research focused on the progress of new Information and Communication Technologies for supporting and promoting knowledge transfer of cultural heritage [3] . Especially the advances in 3D graphics provide innovative tools for creating new immersive environments related to archaeological heritage which users can play as a videogame. These tools can be effectively used for presenting archaeological findings, buildings, and paintings in an interactive way through 3D virtual reconstructions. Therefore, entertaining educational contents become available in the novel scenarios with benefits for both users' experience and learning process. Furthermore, several authors underline the advantages of 3D technologies also for promoting the tourism sector [4] , by providing a more realistic representation of the possible destinations, attractions and landscapes in order to both reduce the cognitive load for the creation of the mental image of the destination [4] and provide interactive and entertaining tools for an easy and effective exploration. As a consequence, this virtual representation supports users in better understanding the characteristics of the place. In this way, providing 3D navigable virtual scenarios of destinations improves the human feeling of presence in the place and influences the choice of the tourism destination.
To what extent these technologies can be positively introduced and accepted by consumers in retailing is still under developed, thus this paper aims at presenting the application of 3D virtual reality at the traditional store, by developing a new immersive one based on consumers' response.
In particular, the first part of the paper presents an overview of the application of advanced technologies at retailing, with emphasis on the role of virtual reality, while the subsequent one focuses on the framework for developing an effective immersive store.
Theoretical Background
To date, several studies are focusing on the novel technologies capable of best improving consumers' in-store shopping experience, and influencing their purchasing behaviour [5] [6]. To achieve this task, retail systems exploit the use virtual and augmented reality, virtual salespersons, innovative decision support systems [7] [8], interactive kiosks and displays [9] [10], as well as RFID (radio frequency identification) systems (writer and reader ones) [11] [12] . The main characteristic of these technologies is the increasing of consumers' visual attention at the point of sale [10] , by underlying products features and improving the store layout with new and entertaining elements. Furthermore, these technologies provide detailed and customisable information from a consumers' point of view [5] [13]; whereas they provide useful and constantly updated information on products movements, consumers' purchases and preferences from a managers' point of view [6] .
Due to the main features of the stores such as variety of products and related information, product selection assistance, convenience and appearance [14] , the introduction of 3D virtual reality in online stores is capable of fast reaching consumers' interests and maintaining existing ones. In fact, 3D technologies allow representing virtual objects in a computer-mediated environment in order to be perceived by consumers as actual objects [15] . In this way, consumers may evaluate the products in a realistic way before the effective consumption in innovative scenarios. Hence, virtual reality has been successfully applied to e-commerce context, by creating efficient 3D models of stores, virtual salesperson and products [16] [17] , which users might browse and explore directly from their computer through an Internet connection [17] [18] .
Since the digital storefront of the virtual store represents the online version of the physical shop window [19] [20], a great deal of research paid attention to the aesthetic of the online store [21] . In fact, this new way of displaying the available products affects consumers' decisionmaking process [22] . The realistic interaction offered by these systems increases the appeal of the web store, with consequences on the consumers' behavior in terms of frequency of visit, total expenditure and preferences towards that virtual store [23] . Moreover, it is often supported by the interaction with an anthropomorphized shopping assistant endowed with human characteristics [16] , which allows these interfaces to express human emotions, with benefits on the shopping experience and satisfaction process [24] [25] . The satisfying experience with the new technologies enhances consumers' trust in the vendor and in the electronic system [12] .
In particular, 3D technologies are mainly applied to the apparel stores, by providing a wide range of products (usually wider than a traditional store) and the possibility to virtual try the clothes fit [26] [27] . In the one hand they display the products in a new and entertaining way, in the other they easily overcome the problem linked to the testing fit in the apparel stores, by enhancing consumers' satisfaction. Due to the importance of spatial knowledge for a short period of time on finding goods, few studies [18] showed the different impact of products classification on consumers in 2D and 3D environments, by underlying the importance of an efficient item location in 3D scenarios.
Hence, according to Pantano & Servidio [4] , 3D virtual reality (a) supports the creation of an unique and customized product, (b) enhances users' experience (by providing new interactive and enjoyable tools), (c) tracks users' behavior while in the virtual scenario (in terms of tracking of accessed items, duration of each visit, visualized information, etc.).
The aim of this paper is to propose an innovative application of virtual reality at the points of sale, capable of making them more attracting for consumers, if compared to the traditional ones.
Immersive environments for retailing
Immersive environment represent a new retail scenario for the stores where advanced technologies are integrated with the traditional elements in order to provide a new way for visualizing, accessing and interacting with the products. These systems are based on a decentralized computing landscape, and consist of a digital scenario (represented by the 3D virtual reconstructions of products and stores) and a real one (represented by the real consumers who explores the digital environment with the feeling of immersion in the environment).
We chose to use the stereoscopic visualization technique for enhancing the immersive experience. This technique is based on a particular screen connected to two projectors (which provide two different points of view according with the human eyes separation of the same object) and a computer which combines the two images, in order to provide the 3D effects which users perceive through special glasses equipped with polarized lens.
The virtual environment has been modeled in order to reproduce a real store interior as presented in Figure 1 . 
Immersive environments architecture
The 3D model of the building containing the store has been created by an architectural CAD software, while the objects been imported and modified through a 3D modeling software in order to develop the basic features for the 3D real-time simulation and the effective store.
Furthermore, the 3D modeling software allowed to identify and basically setup the objects material main features (i.e. cotton, plastic, wood, etc.) which have been better defined in the subsequent step through the simulation software for the recognition of the optical characteristics of the objects, such as shadows, reflections, alpha blending for transparency or bump-mapping. Therefore, a more realistic environment has been developed through the render-mapping technique which consisted of the generation of ray-traced images used as textures.
Afterwards, an UV projection has been applied to the 3D models in order to achieve a unique UV map which allowed to create a non-overlapping projection of the polygons on the texture, in contrast to what happens using planar, cubic, cylindrical or spherical mapping. As a consequence, the illumination was defined, thus it was possible to set up the rendering engine parameters and apply the render-map property to the objects. In this way, the ray-tracing engine created the images on which all the optical effects have been mapped. The images have a 4096x4096 pixels resolution in PNG format and contain each single face shading properties of the object. In addition to the shadows, most of ray-traced effects were pre-computed such as ambient occlusion and global illumination. These images have been applied to the 3D objects within the real-time environment in order to achieve a good final rendering, by minimizing the computing load. As result, the low-polygon 3D models with basic shaders maintain a set of ray-traced features which provide the good photorealistic final aspect and aesthetic advantages for the final scene. Further dynamic shadows have been added to the pre-computed effects in the case of dynamic object.
The prototype of the current study consists of a virtual bookshop, in order to avoid the problems usually related to the fit emerging in stores such as the clothing ones. Furthermore, the diffusion of book through Internet is a market in constant rising as well as the market of electronic books (eBooks), thus it seems to be the favorite place for book purchases. In particular, our immersive store consists of a two-floor building divided in different areas as it happens in the traditional bookstores.
The store provides the 3D reproduction of books linked to a set of data which consumers can access to achieve information on the products as in a real store (i.e. price, related titles, etc.) and other information usually available only in the virtual store, such as hyperlinks to further details, videos audios and so on.
In addition, the store provides also a payment section, where users might purchase items, choose the favorite payment and shipping modality among a set of alternatives. This section consists of the virtual reconstruction of a real cash desk and a salesperson in order to make the context more realistic and improve consumer' feeling of presence.
Consumer's interface
The interface reproduces a traditional bookshop with shelves and thematic areas in relation to the topics of the available books. Users have the possibility to approach the book available in the store, and when the distance between the user' hand and the item is sufficient little, an arrow indicate the possible access to a single book, which users might visualize and add to the shopping cart represented by a trolley, request for more information such as author biography, price, and publisher, etc. (Figure 2 ).
Figure 2. System interface for accessing products
Furthermore, users might turn over the pages, read some chapters as in a real bookshop, search for other items with similar characteristics, by browsing the environment or exploiting the search function identifying some keywords, as well as watching possible movie trailers or booktrailers related to the book subject. Hence, the provided information on each item is enriched if compared to the information available in the traditional points of sale, as well as this kind of store can provide a larger set of books in less space. In fact, in this kind of store, consumers are able to focus on the most useful contents according to their needs, avoiding the problem concerning a too large amount of information and access to further data through a set of hyperlinks.
Consumer-system interaction
In order to provide a more realistic virtual store, the options to browse the media are activated through gestures performed whit a data-glove which users have to wear to explore the store and improve the interaction with the environment. In this way, users have the possibility to turn over the pages of the book though the natural movement of the hand from right to left or to interact with a salesperson for the payment, as in a real store (Figure 3) . In order to make the interface more realistic, the environment focuses on an immersive approach, which exploits the use of several devices for virtual reality, such as the data-glove, the glasses with polarized lens, gyroscopic tracker, and a joystick. In particular, the joystick improves the quality of exploration, by supporting users during the navigation, the data-glove allows to access several tabs containing information related to items, and the gyroscopic tracker allows modifying the point of view according to user' head rotation. To achieve this task, a Wireless InertiaCube tracker is positioned on the user's head in order to provide information on the head rotation. The tracker has a precision of 1° for the yaw and 0,25° for pitch and roll with 180Hz refresh rate and a 6 ms latency time. The wireless USB RS_232 receiver allows a 33 meters range. The P5 data-glove has six freedom degrees (X, Y, Z, yaw, pitch and roll) and it works by infrared led recognition technology. In addition, it has five fingers bending sensors with a 0° to 90° sensibility. The input emulator GlovePie allows the remapping of commands to be assigned to joystick and data-glove.
Hence, the natural actions which user may perform, as well as the set of information which he/she may access from a particular item of the store are capable of increasing the realism of human-computer interaction. In this way, the 3D models have a hedonic and utilitarian value for consumers with benefits on their behavioral intention [15] .
Consumers' response
Preliminary usability tests have been conducted. A sample of twenty people (consisting of undergraduate students) has been involved in order to investigate their response towards the introduction of this technology. They were not familiar with advanced technologies, nor with virtual reality. The task for the users in the test was to navigate the environments, by exploring the main functionalities and to search for a product, without time constrains. Afterwards, they were asked to answer a questionnaire about their experience in the store. Each users tested the technology privately, thus these tests excluded the influences of group of consumers or other social influences, which can affect consumer' judgements towards the technology in real stores, as highlighted by Franco et al. [28] .
The preliminary results show the consumers' intention to use this technology, which seems to be attractive and enjoyable. In particular, users appreciate this system rather than a traditional point of sale. In fact, they considered the experience as enjoying and useful and they are willing to repeat it in a real store also for other products. Currently, these tests represent only a preliminary experiment in this direction. Future researches will involve a bigger sample of users in order to achieve quantitative data on consumers' responses and judgements.
Conclusions
In this work, we propose a new kind of stores based on immersive technologies such as stereoscopic tools. In particular, it integrates the advantages of 3D virtual reality and online virtual stores with the fun provided by interactive technologies. Hence, the benefits of immersive environments for retailing are several from both a consumers and a managerial point of view. In fact, in the one hand it supports and amuses consumers during their decision making process and shopping experience, in the other one it provides constantly updated information on their preferences and needs. As a consequence, clients are motivated to prefer this innovative store for their purchases with benefits for the trust in this retail system, in accordance with the previous studies [2] [12] . In fact, consumers might voluntarily choose to exploit these technologies and to focus on the information which best fit their need, with positive consequences for their satisfaction [13] ; whereas managers would exploit the provided information on market trends for testing and proposing new marketing strategies, as well as to make their stores more appealing for consumers.
Moreover, this system can be easily installed in the points of sale, whereas the interface can be easily enriched and modified just adding/removing 3D features. Since the books currently have a digital version, retailers do not need to digitalize them anymore. Hence, the cost of installation of the systems depends of the cost of hardware (which is decreasing) and the interfaces, which depends by the richness of details and environments which seller would provide. In this way, the expenses can be affordable also by a single retailer.
Furthermore, this research posits the importance of 3D product visualization and representation for enhancing consumers' experience in the new environment. In fact, a realistic visualization of the products enriches the available information [15] , by providing new tools for supporting consumers' choice. Managers would reflect on the knowledge transfer modalities for influencing consumers' behavior.
Future works
The system can be further developed for trends analytics which can be integrated in the store. In this way, the system would be capable of providing updated information and statistics on the most sold books, favored authors, etc. These data can cover the national and international books market and provide information useful for both consumers and sellers. In this way, the system is capable of rapidly providing information on the market share of author, publisher and most efficient marketing strategies. The data can be further exploited for achieving competitive advantages on the main competitors. Future researches would involve consumers in order to achieve quantitative data on the influence of these environments on their effective choice of the store, frequency of visit, and total expenditure in the point of sale.
Moreover, other developments can focus on the home access to the immersive store. In fact, due to the current advances in 3D techniques for home consuming, it is possible to develop a low-cost version for providing an immersive store which users can access from own place by using common devices such as keyboard and mouse. For an efficient 3D visualization a stereoscopic display similar to those already used on current 3D televisions might be used. This approach implies a new way to access web store, by exploiting the 3D tools also from user own computer. Hence, this kind of application might represent a crossroad between the classical way to make purchases in traditional web-based store and the convenience emerging from the new immersive one, which would force retailers to develop new marketing strategies in this direction.
